Examining past research using content analysis can provide detailed information about the trends a discipline has displayed over years or decades. Disciplines such as software engineering and hospitality management have used methods for analyzing topic frequencies in the past. This paper uses similar methods to study the presence of systems engineering topics in literature to understand the occurrence of approaches and metrics in the community over time. This paper reviews the trends of systems engineering topics over the years 1998-2016 by performing a content analysis of four systems engineering and design engineering journals. A mathematical analysis of the trends is performed using rank ordering and a rank correlation metric. The study shows that model-based approaches have grown significantly since the early 2000s, as advocated in the INOCSE MBSE initiative, while other approaches such as Taguchi's method and axiomatic design have been seen less frequently in literature. Systems engineering metrics that have been frequently seen in literature include complexity, reliability, and quality. The results from this research provide a portrait of the systems engineering landscape.
Introduction
Several systems engineering (SE) approaches have been developed and tested in recent decades [1] [2] [3] . The origins of these SE approaches vary, including academia, industry, and government. Research in SE has taken many paths, including exploring the improvement and development of SE methods, processes, and philosophies [4] [5] [6] , and understanding how the findings from other scientific fields can be used to inform the practice of SE [7] [8] [9] [10] [11] [12] [13] [14] . Several SE approaches have been successfully put to practice, and are still in use; others became popular and eventually faded away; and the rest were never adopted. Understanding the reasons for the successes or failures of different SE approaches is imperative to understanding future research directions for the improvement of SE. The first step to accomplish this objective is to study the historical evolution of the occurrence of major SE approaches. This paper takes an evidence-based approach to investigate the frequencies of occurrence of different topics in SE with time. Topics include SE methods, processes, philosophies, and performance metrics known as "ilities." The field of SE is very broad, and thus, the goal of this paper is to examine the frequencies of occurrences of different SE related topics over the years. This examination of a diverse set of topics will illustrate the breadth of the SE field as well as enable a comparison of the diverse set through their frequencies in literature. A content analysis is performed on well-established SE and design engineering journals from the years 1998 to 2016. Journals from the design engineering community are considered because their research commonly overlaps with that of SE. This is consistent with the National Science Foundation's merger of the ESD and SYS programs to form EDSE, indicating a connection between the communities [15] . The authors examine the trends in the frequencies of The four main processes capture the activities involved in the typical SE life cycle, and are thus a good criterion for the categorization of the topics analyzed in this paper. Table 1 lists the topics selected for analysis and the SE processes under which the topics are categorized. The columns in Table 1 have no meaning, and multiple columns exist only to reduce space. Most of the topics were obtained from the INCOSE SE Handbook [1] . As mentioned earlier, the topics analyzed in this study included SE methods, processes, philosophies, and performance metrics called "ilities." The goal is to understand the historical evolution of these different topics. The analysis of topics will help in understanding how the focus of the field of SE has changed over time. 
Selection of Sources (Journals)
The topics listed in Table 1 can be categorized under both SE and design engineering. Hence, a combination of four eminent SE and design engineering journals was selected to extract articles from and examine for trends. Table 2 lists the journals, and the years that data was collected from. These specific journals were chosen due to their broad scope, the availability and continuance of the data, and the year of establishment. Choosing SE and design engineering journals enabled a comparison of the two related research fields. Domain-specific journals were not included in the analysis, with the focus instead on journals with broader scopes, since SE approaches are utilized in multiple domains such as aerospace/defense, healthcare, and automotive. Conference proceedings were excluded for the same reason, as well as due to their limited availability. These limitations are further discussed in the limitations section.
Examining the scopes of journals selected for this study, the Wiley Systems Engineering journal's interest is not limited to just SE topics, but also includes the broader aspects of SE, such as enterprise systems, system of systems (SoS), and other complex socio-technical systems. The journal also identifies languages and models of systems, as well as agile processes, as increasingly important topics. The focus of the Springer Journal of Systems Science and Systems Engineering are the theories, methodologies, and applications related to systems science and SE, that enable better understanding of the complexity and mechanisms of systems. On the design engineering front, the Journal of Engineering Design is an all-encompassing journal for topics associated with design engineering. The journal focuses on principles, techniques and methodologies, management, and practice of design, rather than domain-specific applications. The scope of topics within the journal's interest is broad, including design aesthetics, big data analytics, risk and uncertainty, quality, reliability, robustness, etc. Similarly, the Research in Engineering Design journal emphasizes on the fundamental theories of design, languages and modeling, and the integration of design and manufacturing. Although these journals have different scopes, the journals emphasize the foundational theories of their disciplines, as well as the currently trending topics in their disciplines. For this study, the analysis was conducted Six Sigma * ~ Integrated Product Teams *^ Game Theory ^~ The topics were elicited through a review of the INOCSE SE Handbook's chapters concerning the SE processes used for categorization. A selected set of topics were identified in the handbook as inputs, outputs, controls, enablers, or activities associated with the processes. Topics not obtained directly from the handbook include Pugh, Game Theory, Axiomatic Design, and Fuzzy sets. Of these topics, optimization was obtained from [16] , whereas the remaining topics were obtained from [51] . For these topics not directly mentioned in the handbook, the authors performed an interpretive analysis in order to categorize the topics under the SE processes. The interpretive analysis involved a review of the activities that characterize each SE process, following which the authors chose the most appropriate SE process for each topic for categorization. The "ilities" topics were taken to be a separate group, not part of the SE process categorization mentioned above. The INCOSE handbook grouped enterprise and agreement processes together, and the authors adopted the same categorization for this paper.
Five years were randomly selected out of the 19 years of article availability to assess if important topics had been missed. For each year, a "Word Frequency" query was performed on one of the four journals. The 250 most frequent words were obtained for each of the 5 years and studied to identify missing topics. Natural language words dominated these analyses. For example, a word frequency query performed on the articles from JOED for the year 2007 indicated that only 4 of the 250 most frequent words overlapped with the topics analyzed in this paper. These words were: (1) value; (2) optimization; (3) robustness; and (4) DSM. The top five most frequent words were: (1) design;
Systems 2019, 7, 28 5 of 33 (2) product; (3) process; (4) system; and (5) used. Thus, the authors used the list originally compiled for this study.
This study could analyze many more topics. The derivation of the topic set from standard SE references provides a grounding in community accepted handbooks and publications. The topic set generated is not exhaustive, as new SE topics are constantly being formed or terminology is changed. However, the inclusion of additional topics would not affect the frequencies observed, and hence, would not change the relative ordering of the topics. Topics not addressed in this paper can be analyzed in the future with the same methodology and be inserted into the results described in this paper.
The topics listed in Table 1 can be categorized under both SE and design engineering. Hence, a combination of four eminent SE and design engineering journals was selected to extract articles from and examine for trends. Table 2 lists the journals, and the years that data was collected from. These specific journals were chosen due to their broad scope, the availability and continuance of the data, and the year of establishment. Choosing SE and design engineering journals enabled a comparison of the two related research fields. Domain-specific journals were not included in the analysis, with the focus instead on journals with broader scopes, since SE approaches are utilized in multiple domains such as aerospace/defense, healthcare, and automotive. Conference proceedings were excluded for the same reason, as well as due to their limited availability. These limitations are further discussed in the limitations section. Examining the scopes of journals selected for this study, the Wiley Systems Engineering journal's interest is not limited to just SE topics, but also includes the broader aspects of SE, such as enterprise systems, system of systems (SoS), and other complex socio-technical systems. The journal also identifies languages and models of systems, as well as agile processes, as increasingly important topics. The focus of the Springer Journal of Systems Science and Systems Engineering are the theories, methodologies, and applications related to systems science and SE, that enable better understanding of the complexity and mechanisms of systems. On the design engineering front, the Journal of Engineering Design is an all-encompassing journal for topics associated with design engineering. The journal focuses on principles, techniques and methodologies, management, and practice of design, rather than domain-specific applications. The scope of topics within the journal's interest is broad, including design aesthetics, big data analytics, risk and uncertainty, quality, reliability, robustness, etc. Similarly, the Research in Engineering Design journal emphasizes on the fundamental theories of design, languages and modeling, and the integration of design and manufacturing. Although these journals have different scopes, the journals emphasize the foundational theories of their disciplines, as well as the currently trending topics in their disciplines. For this study, the analysis was conducted on all the articles from the four journals, over the years mentioned. In total, 1788 articles were examined. Table A2 of Appendix A provides the distribution of articles in each journal by year.
Analyses of Journals
Content analysis was selected to examine the trends followed by the SE topics through the years 1998-2016. This method enables ease of exploring data and understanding the high-level context of the data without having to manually read the entire content. This method comes especially handy Systems 2019, 7, 28 6 of 33 when large amounts of data need to be analyzed, for studies, such as those conducted in this paper. Specifically, NVivo [52] , a qualitative analysis software to record the frequency of occurrences of the topics, was used to perform the text search queries. The results of the content analyses were analyzed statistically to draw inferences. A systematic description of the procedure is listed below.
Step 1: Identify keywords for topics The first step in performing the text search query was to identify all the keywords associated with each topic. This was important because topics may be referred to differently in different corporate cultures or industrial sectors. For example, the identified keywords associated with Analytical Hierarchy Process (AHP) were "AHP", "Analytic Hierarchy Process", "Analytic Hierarchical Procedure", "Analytical Hierarchy Process", "Analytical Hierarchical Process", and "Analytical Hierarchical Procedure." Keywords were found using an iterative process, where text search queries were run and the results were used to identify missing keywords. Only keywords directly associated with the topic of interest were taken into consideration; the general theme that the topic may be categorized under was not included in the list of keywords. For example, while value-driven design (VDD) is associated with decision-based design, only the following, more direct keywords were used in the search for VDD: "value-driven", "value-based", "value-centric", "value-focused", and "value-derived." Using only closely related keywords avoids overlap of keywords between topics. For example, "decision-based design" is associated with both VDD and utility theory. To avoid double counting, the authors did not allow such overlaps. Similarly, it was not the intent of this study to take into consideration all the evolutions of a topic for the analysis. For example, specific algorithms, such as "genetic algorithm", and result related words, such as "satisfactory", were not associated with the topic of optimization. Thus, only the frequencies of occurrence of the keywords directly associated with the topics were considered. Table A1 in Appendix A is a complete list of keywords for each of the selected topics.
Step 2: Run "Text Search" query Upon identification of the keywords, the next step was to perform the text search query in NVivo [52] . The query performs a search using the keywords on the selected journal articles, and outputs the number of times the keywords appear. The entire contents of the articles were analyzed. No filter was applied on the articles concerning the context in which a keyword was being addressed. Hence, when a topic is found in an article in the query, the manner in which the author addresses the topic, whether positive or negative, was not determined. Such a determination is discussed in more detail in the limitations section. Due to the large number of articles examined (1788 in total), reading each article, or topic occurrence, to understand the context in which the topic is being discussed, is beyond the scope of this paper. The analyses in this research give an understanding of the occurrences in literature of topics, and not in their use in practice. The frequencies of occurrence of the topics were obtained for each journal, for each year that the journal was available. The frequencies of the topics associated with each journal were then aggregated to obtain the total number of occurrences of the topics for each year.
Step 3: Normalize and plot data Normalization of the data was conducted in order to reduce biases when comparing journals and comparing between years. Biases may be induced due to disparities in lengths of articles in different journals and disparities in lengths of articles in different years of the same journal. Two kinds of normalizations were conducted: (1) normalization with respect to total number of words in a journal; and (2) normalization with respect to total number of keywords. The first normalization involved dividing each topic's frequency of occurrence for a journal by the total number of words in the journal for that year. When analyzing the population of data, which included all journals, the sum of the total words in each journal for each year was used as the denominator (see Appendix A, Table A3 ). For the second normalization, each topic's frequency of occurrence for a journal was divided by the Systems 2019, 7, 28 7 of 33 aggregated total of the frequencies of all topics for the journal for that year (see Appendix A, Table A4 ). For the population of data, the sum of the frequencies of occurrence of a topic for each journal for each year was divided by the total frequencies of all topics from all journals for that year.
The first normalization informs of the standing of a topic in regards to all the words used in the journals. However, this may cause a bias due to journal-specific attributes such as restrictions on the total number of pages. The second normalization overcomes this potential bias by informing the importance of a topic in regards to the total occurrences of all topics. The normalized values of the frequencies from both the normalization methods are plotted against year for each topic, examining individual journals and the collection of journals. An additional analysis involved calculating a weighted average frequency, where the normalized frequencies of a topic from each journal were assigned equal weights and then aggregated to obtain the average frequency for that topic during that year.
Step 4: Rank order data and calculate rank correlation metric The final step in the analysis was to rank the topics and conduct rank correlation analyses. First, the normalized yearly frequencies for all topics were sorted according to ranks, both by journal and for the collection. Rank 1 corresponds to the topic that has the highest normalized frequency, rank 2 the next highest, and so on. The rank ordering enabled identification of the topics that maintained consistently higher ranks throughout the years, topics with the lowest ranks, and significant changes in ranks with time. Rank ordering the topics by source helped in identifying topics that different communities focused on. Topics were also ranked within the categories of technical processes, project processes, and "ilities." The normalized frequencies using the first normalization method was used for the rank ordering since the normalization method would not affect the rank ordering of the topics when considering the pooled normalized frequencies from all journals.
A rank correlation metric, Kendall's tau-b, was calculated for each pair of rank orderings between consecutive years. Kendall's tau is commonly used to find the strength and direction of the statistical associations between rank-ordered sets of data [53] . The Kendall's tau correlation coefficient is a nonparametric measure of association in paired observations based on the number of concordant or discordant pairs in the data [53, 54] . The modified version of the Kendall's tau, Kendall's tau-b (τ b ), is given in Equation (1), where C is the number of concordant pairs, D is the number of discordant pairs, A 0 is the pairs tied only on the A variable, and B 0 is the pairs tied only on the B variable,
Tau-b has values between −1 and +1. A τ b value of 0 indicates that there is no correlation between the variables, whereas a value of 1 indicates perfect correlation. The + and − signs indicate the direction of correlation. Equation (1) was used to measure the rank correlation between consecutive years. This was done for the collection of the normalized frequencies of occurrence, for normalized frequencies of occurrence from individual sources, for technical and project processes, and for the "ilities." Excel Visual Basic for Applications (VBA) was used to calculate the τ b values for the normalized frequencies of occurrence, which were verified using SPSS. The p-values for each τ b were calculated in SPSS to check for statistical significance. In this case, the p-values were used to accept/reject the null hypothesis that:
H 0 : τ b = 0 (There is no correlation between the rank − ordered data sets)
The alternative hypothesis for this is:
H 1 : τ b 0 (There is a correlation between the rank − ordered data sets)
The results from this methodological process are discussed in the Results section. 
Results
Three main subsections form the results section: (1) frequency trends, (2) rank ordering of topics, and (3) weighted average analysis. A discussion of the results pertaining to each of these focus areas follows.
Frequency Trends
An analysis of how the normalized frequencies changed from the beginning of the data (year 1998) to the end of the data (year 2016) was performed to understand the general trends in occurrences of the topics. The normalized frequencies are the ratio of the total occurrences of keywords for a topic, for a year, divided by the total number of words in that year. The averages of the normalized frequencies, using both normalization methods, for the first four years (1998) (1999) (2000) (2001) and the last four years (2013-2016) for the topics were calculated, as well as the percentage change. Seven categories were established to classify the change in frequencies (∆). Since the frequencies for most topics using the normalization with respect to all words were extremely small, the topics were grouped by the order of the magnitude of their initial (1998) (1999) (2000) (2001) frequencies to provide a deeper context to the average changes. This was performed so that an increase in 5 words for a topic that started with 10 would not be seen as the same as an increase in 500 words for a topic that started with 1000. A summary table to understand the average change in the topics' occurrences, when normalization was performed using all words, and the categories and groupings, is shown in Table 3 . Table 3 . Summary of average change in frequencies of topics (normalization using total number of words). Table 4 describes the average changes in the frequencies of topics when the normalization was performed using the total number of keywords in the denominator. In this case, since the frequencies of occurrences of topics were divided by a smaller number (as compared to the total number of words in a source), the orders of magnitudes of the initial normalized frequencies of topics were larger, as seen in Table 4 . To highlight the difference between the results from the two normalization methods used, Systems 2019, 7, 28 9 of 33 topics that changed their row positions as compared to Table 3 are highlighted in green. It is noted that comparisons between Tables 3 and 4 should be made with reservations, as the categorizations are dependent on the denominators used in the normalizations. have inherently skewed the results. A weighted average analysis was performed in which the normalized frequencies of the topics from each source were assigned an equal weight and then aggregated to obtain the weighted average frequencies. The average frequency and rank change analyses discussed in Sections 4.1 and 4.2 were performed on the weighted average frequencies. The results for the average frequency changes from the first four to the last four years are given in Table  13 . Topics that changed by one or more categories as compared to Table 3 from the "unequal weight" analysis, are highlighted. Topics that moved horizontally and vertically are shown in green and those that moved only vertically are shown in red. Table 14 shows the results for the average rank changes. Topics with changes in ranks of one or more categories as compared to Table 9 from the unequal weight analysis are italicized. -Topics that changed their row positions, as compared to Table 3 The topics had various degrees of linear trends, stability, exponential trends, etc. Examples of upward trending topics included DSM and modularity. Downward trending topics with minor fluctuations included quality, safety, Taguchi, and axiomatic design. Examples of other interesting findings included durability that peaked in 2008, availability that remained more or less consistent through the years, resilience that remained almost non-existent until 2005, and integrated product teams (IPT) that saw a downfall after 1998 and remained more or less consistent at almost zero for the years 2003-2016. Model-driven approaches such as systems modeling language (SysML) and model-based systems engineering (MBSE) remained non-existent until the mid-2000s, and then suddenly rose upwards.
Order of Magnitude of Initial Frequencies
All of the topics' trends were plotted, with the "ilities" discussed above shown in Figure 1 , and the other approaches discussed above shown in Figure 2 . Plots of only a few selected topics are depicted in Figures 1 and 2 to help the reader gauge the general nature of different trends. Topics for the figures were chosen that had unique trends; however, the plots can be generated for any topic of interest using the normalized frequencies. In both figures, the trends resulting from both normalization methods were plotted on the same graphs. From Figures 1 and 2 , it is evident that there was no major difference in trends for the collective data when comparing normalization methods.
It is expected that the trends in the topics will differ depending on the journals examined, especially since two communities are examined in this work. For example, Figure 3 depicts the difference in the trends of "safety" for the Wiley Systems Engineering journal and the Journal of Engineering Design. Four tables are presented in order to thoroughly investigate the difference between the journals. Tables 5 and 6 summarize the averages of the orders of magnitudes of the topics for each journal for normalization using total number of words and normalization using total number of keywords, respectively. The categorization of magnitudes for Table 5 is the same as Table 3 , and that of Table 6 is the same as Table 4 . Tables 7 and 8 summarize the percentage change of the topics' frequencies in a method similar to that used in Tables 3 and 4 , but only using data from individual journals. Table 7 shows the percentage change for data normalized using the total number of words in a journal, whereas Table 8 describes the changes for data normalized using the total number of keywords in a journal.
It is expected that the trends in the topics will differ depending on the journals examined, especially since two communities are examined in this work. For example, Figure 3 depicts the difference in the trends of "safety" for the Wiley Systems Engineering journal and the Journal of Engineering Design. Four tables are presented in order to thoroughly investigate the difference between the journals. Tables 5 and 6 summarize the averages of the orders of magnitudes of the topics for each journal for normalization using total number of words and normalization using total number of keywords, respectively. The categorization of magnitudes for Table 5 is the same as Table 3 , and that of Table 6 is the same as Table 4 . Tables 7 and 8 summarize the percentage change of the topics' frequencies in a method similar to that used in Tables 3 and 4 , but only using data from individual journals. Table 7 shows the percentage change for data normalized using the total number of words in a journal, whereas Table 8 describes the changes for data normalized using the total number of keywords in a journal. Noteworthy observations in Tables 5 and 6 are as follows: DSM and Pugh had a significantly lower occurrence (<10 −5 ) in SS & SE as compared to the other three journals. In RED, repairability had a significantly lower occurrence (<10 −5 ), whereas axiomatic design had a higher occurrence (10 −2 ) as compared to JOED, SS & SE, and Wiley. Additionally, from Table 6 , risk matrix had a lower presence (<10 −5 ) in SS & SE, digital twin had a lower presence (<10 −5 ) in RED, modifiability had a higher presence (10 −2 ) in Wiley, and RVTM had a significantly lower presence (<10 −5 ) in JOED as compared to the other journals.
In the comparison of the changes in average frequencies provided in Table 7 , the following 
Noteworthy observations in Tables 5 and 6 are as follows: DSM and Pugh had a significantly lower occurrence (<10 −5 ) in SS & SE as compared to the other three journals. In RED, repairability had a significantly lower occurrence (<10 −5 ), whereas axiomatic design had a higher occurrence (10 −2 ) as compared to JOED, SS & SE, and Wiley. Additionally, from Table 6 , risk matrix had a lower presence (<10 −5 ) in SS & SE, digital twin had a lower presence (<10 −5 ) in RED, modifiability had a higher presence (10 −2 ) in Wiley, and RVTM had a significantly lower presence (<10 −5 ) in JOED as compared to the other journals.
In the comparison of the changes in average frequencies provided in Table 7 , the following significant differences between the journals were observed: (1) While safety had a positive change in frequency in other journals, there was a significant drop of between −50% and −100% in the frequency of safety in JOED; (2) while other journals saw a positive change in the frequency of agile and digital twin, in RED, there was a significant decrease (−50% to −100%) in the frequency of agile, whereas there was no change in the frequency of digital twin; (3) for SS & SE, there was no change in the frequencies of evolvability, testability, and DSM, while there was a positive change in all other journals; and (4) modifiability saw a significant increase (>500%) in Wiley, whereas it remained unchanged in the other three journals.
In Table 8 , in which the data was normalized using the total number of keywords, the following differences between the journals were observed: (1) in JOED, manufacturability and extensibility had a positive change (0% to 50%), whereas in the other journals there was a negative change. (2) In RED, the frequencies of scalability, interoperability, and agility decreased (−50% to 0%, −100% to −50%, and −100% to −50% respectively), in the other three journals there was an increase. (3) In SS & SE, adaptability (−50% to 0%), evolvability (−100% to −50%), flexibility (−100% to −50%), DSM (−100% to −50%), and AHP (−100% to −50%) saw a negative change in frequency and the other journals saw a positive change. Also in SS & SE, quality function deployment (QFD) and IPT saw a positive change in frequency (>500%), while there was a decrease in the other journals. In SS & SE, axiomatic design frequency remained unchanged, whereas it decreased in the other journals. (4) In Wiley, the occurrence of SysML and reliability decreased in frequency (−100% to −50% and −50% to 0% respectively), while it increased in the other journals; and the occurrences of modifiability and utility theory increased (>500% and 300% to 500%, respectively), whereas in the other journals the occurrences remained unchanged and decreased, respectively.
Although minor changes were observed between Tables 7 and 8 (which differed due to the normalization method used), it is important to note here that the trends followed by topic saw no major changes, which is of greater relevance to this paper. It is seen that the normalization methods used in this paper did not have major effects on the results. Thus, henceforth in this paper, the first normalization method using the total number of words in the sources is used for analyses.
Rank Ordering and Rank Correlation Metric
An analysis of how the ranks changed from the beginning of the data to the end of the data was performed. The averages of the normalized frequencies for the first four years (1998) (1999) (2000) (2001) and the last four years (2013-2016) for the topics were calculated, which were used to rank order the topics for each of the two periods. The differences in the ranks for the two periods were calculated to understand the change in ranks in the time duration. Seven categories were established to classify the change in ranks. Table 9 is a summary table to understand the average change in the topics' ranks by occurrences, including the categorization. This table provides an overall picture of the changes in the occurrences of different topics. Topics can be identified that had significant increases and drops in ranks, and the topics that maintained consistency throughout the years.
The SE topics were then rank ordered based on their normalized frequencies of occurrence for each year. Four sets of topics and their rankings were examined to understand the population and groups of topics: (1) the overall rank orderings including the entire set of topics; (2) the technical processes; (3) the project processes; and (4) the "ilities." The Kendall's tau-b values corresponding to each pair of years, and the p-values for each of them, were also calculated. The two-sided confidence value was set at 95%. 11 and 20 # Decrease in rank between 11 and 20 Increase in rank between 1 and 10 / Decrease in rank between 1 and 10 ! No change in rank (1) Overall Rank Ordering
The complete set of SE topics were rank ordered based on their frequency of occurrence in this analysis. The frequencies of occurrence from all four journals were aggregated. Table 10 lists the ranks of the topics through the years. The tau-b values, and their corresponding p-values, are also listed. For each pair of years, the tau-b value is listed below the smaller year. For example, the tau-b value to determine the rank correlation between 1998 and 1999, and its corresponding p-value, are listed below 1998. As seen from Table 10 , all the p-values are less than 0.001, which means that the null hypothesis could be rejected in each case. This corresponds to all the Tau-b values being statistically significant, meaning that there was a strong correlation in the rank orderings between consecutive years. Table 10 indicates the consistency and movement of different topics through the years. Optimization consistently held a high rank between 1 and 5, highlighted in green. Among the "ilities", complexity and quality, highlighted in orange, held high ranks of 1-3 and 1-6, respectively. QFD and Taguchi dropped in ranks through the years, highlighted in red, from 8 to 19 and 14 to 20. MBSE and SysML, highlighted in purple, suddenly moved up in the early to mid-2000s, which is expected from the frequency plots discussed in the previous subsection.
(2) Technical Processes Next, the topics that were categorized under technical processes were rank ordered within them. The aggregated normalized frequencies from all four journals were considered for this rank ordering. Optimization had high ranks, between 1 and 5, as was apparent in Table 10 . Complexity, quality, availability, reliability, and robustness were among the higher ranked "ilities", having average ranks between 2 and 8. IPT had a drastic drop in rank from 7 to 24 after the first year, and then was amongst the lowest ranked topics after 2006. The yearly tau-b values were statistically significant, meaning there was a strong correlation between the rank orderings.
(3) Project Processes
The eight topics classified under project processes were rank ordered, seen in Table 11 , with the corresponding Kendall's tau-b values. The aggregated normalized frequencies from all four journals were considered for this rank ordering. The ranks of most topics fluctuated through the years. Value-driven design (VDD), IPTs, and risk matrices had the lowest average ranks of 6, 6, and 7, respectively. DSM was consistently within the top three topics, and had a rank of 1 in 10 out of the 19 years. An interesting observation for the project processes was the tau-b values. As can be seen from the table, seven p-values were greater than the set confidence level of 0.05, which means that the null hypothesis could not be rejected, and that there was no significant correlation between the ranks in these years. The tau-b and p-values for these observations are highlighted in yellow. Year  1998  1999  2000  2001  2002  2003  2004  2005  2006  2007  2008  2009  2010  2011  2012  2013  2014  2015  2016  Average  Complexity  3  1  2  2  3  2  1  3  3  2  2  1  1  3  1  2  1  2  1  2  Optimization  1  2  5  3  2  1  2  1  1  1  1  3  2  2  2  1  2  1  2  2  Quality  2  3  1  1  4  3  3  2  2  3  3  2  5  1  3  6  3  6 4  12  14  13  9  20  16  16  5  12  14  13  3  12  QFD  8  7  7  8  10  10  13  15  12  7  11  16  13  9  18  18  15  17  19  12  Game Theory  22  25  28  24  34  9  20  10  4  12  6  11  16  17  9  20  17  12  11  16   Sustainability  5  25  17  30  19  19  17  19  17  18  17  5  21  12  7  10  16  16  18  16   Flexibility  14  18  15  23  15  13  16  21  24  10  7  13  25  18  19  11  21  5  13  16   AHP  35  12  18  27  12  21  10  9  8  11  22  22  20  15  22  13  8  21  23  17   Usability  23  20  20  10  13  19  14  22  24  20  24  17  9  14  13  21  22  19  20  18  Taguchi  14  11  11  6  25  16  14  11  15  14  19  21  34  21  24  31  18  31  20  19  Pugh  13  14  14  27  18  23  21  25  26  27  17  10  11  22  29  28  23  40  28  22   Lean  16  29  35  14  27  14  8  23  18  19  26  14  24  8  32  28  29  20  33  22   Adaptability  25  21  33  33  25  29  25  20  18  24  15  36  29  29  14  16  19  8  17  23   Interoperability  17  25  21  16  23  15  23  24  30  29  35  28  18  19  27  27  11  27  24  23   Axiomatic design  10  16  9  38  22  24  23  14  11  17  27  24  39  26  26  24  36  26  30  23   FMEA  25  22  12  38  11  22  27  16  26  32  33  25  19  24  17  22  26  30  27  24  SysML  35  37  38  38  42  39  40  32  13  34  13  8  14  7  16  15  7  25  15  25  Maintainability  19  22  21  16  31  26  18  18  29  37  34  32  25  19  33  23  31  18  22  25   Manufacturability  18  22  26  24  19  33  22  29  30  16  25  19  15  35  29  35  28  35  33  26   Scalability  29  29  26  15  34  29  19  28  28  34  23  30  34  32  24  28  20  24  16  26   Agile  29  9  38  34  27  27  29  31  16  21  30  34  23  27  15  26  31  32  25  27   Resilience  24  33  38  38  34  37  40  33  21  38  14  30  8  35  21  14  33  10  8  27   Utility theory  29  18  23  16  34  35  35  17  20  22  28  27  36  34  38  33  24  29  30  28  Table 10 . Cont.
Year 1998  1999  2000  2001  2002  2003  2004  2005  2006  2007  2008  2009  2010  2011  2012  2013  2014  2015  2016  Average  SixSigma  29  33  28  19  24  17  31  30  37  27  21  29  31  25  28  35  40  34  29  29  MBSE  35  36  18  27  19  31  40  41  40  40  37  38  22  23  20  17  10  22  26  29  Affordability  29  37  28  21  29  18  33  35  33  34  36  26  38  30  39  32  27  23  14  30   Durability  27  37  35  34  29  35  30  33  33  24  4  23  33  28  31  33  29  37  38  30   Agility  27  17  28  37  31  31  37  26  23  29  30  39  37  31  23  25  43  35  40  31   Extensibility  29  32  35  19  34  28  28  27  36  40  38  33  27  32  34  40  34  38  38  33   VDD  35  37  28  34  40  25  31  35  30  32  32  34  28  37  37  37  25  28  35  33   IPT  7  29  25  10  16  39  25  35  38  43  41  43  40  37  40  42  35  42  36  33   Risk Matrix  35  25  38  38  16  39  40  38  42  23  42  17  43  39  41  38  40  33  40  35   Testability  35  33  33  30  34  37  33  41  35  39  38  39  32  39  36  39  37  39  37  36   Evolvability  35  37  38  30  40  39  37  39  40  24  40  36  40  42  35  43  39  15  30  36   RVTM  35  37  23  22  31  33  37  41  39  40  42  39  30  42  43  45  44  43  40  37   Repairability  35  37  38  38  42  39  40  39  42  29  42  39  43  39  42  19  38  41  45  38   Modifiability  35  37  38  38  42  39  35  41  42  43  29  44  42  44  45  41  40  43  43  40   Digital twin  35  37  38  38  42  39  40  41  42  43  42  45  43  44  43  44  44  45  43  41 Tau p-value <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 Table 11 . Rank ordering of project processes.
Year 1998  1999  2000  2001  2002  2003  2004  2005  2006  2007  2008  2009  2010  2011  2012  2013  2014  2015  2016  Average  Game Theory  4  5  5  4  6  1  2  1  1  2  1  1  2  2  2  2  2  2  2  2  DSM  3  2  2  2  1  2  1  2  5  1  2  2  1  1  1  1  1  1  1  2  Agile  5  1  7  5  5  5  5  5  3  4  5  6  3  4  3  4  5  6  3  4   Axiomatic  design  2  3  1  7  4  3  3  3  2  3  3  4  6  3  4  3  7  3  4  4   Utility theory  5  4  3  3  6  6  7  4  4  5  4  5  5  5  6  5  3  5  4  5  VDD  7  8  5 "Ilities" are a major focus in SE, often used to keep track of system performance [16, 55, 56] as key performance parameters (KPPs), measures of effectiveness (MOEs), measures of performance (MOPs), and technical performance measures (TPMs). Identifying the "ilities" that appear more frequently may indicate the need for new SE approaches to focus on those metrics. Table 12 shows the results of the rank ordering, including the corresponding tau-b values and p-values. The aggregated normalized frequencies from all four journals were considered for this rank ordering. Complexity, quality, reliability, robustness, availability, and safety were the higher ranked "ilities" and had the top six average ranks. The ranks of these six "ilities" are plotted against the years to attain better visualization, and are shown in Figure 4 . Complexity held the rank of 1 for most years. Quality also held ranks between 1 and 5 through the years. Availability remained more or less constant, whereas safety fluctuated and eventually dropped in rank. Evolvability, repairability, and modifiability were among the lowest ranked "ilities", having average ranks of 20, 21, and 22, respectively. The p-values corresponding to the tau-b correlation coefficients suggested that all the values were statistically significant, or that there was a strong correlation between the ranks of the consecutive years. "Ilities" are a major focus in SE, often used to keep track of system performance [16, 55, 56] as key performance parameters (KPPs), measures of effectiveness (MOEs), measures of performance (MOPs), and technical performance measures (TPMs). Identifying the "ilities" that appear more frequently may indicate the need for new SE approaches to focus on those metrics. Table 12 shows the results of the rank ordering, including the corresponding tau-b values and p-values. The aggregated normalized frequencies from all four journals were considered for this rank ordering. Complexity, quality, reliability, robustness, availability, and safety were the higher ranked "ilities" and had the top six average ranks. The ranks of these six "ilities" are plotted against the years to attain better visualization, and are shown in Figure 4 . Complexity held the rank of 1 for most years. Quality also held ranks between 1 and 5 through the years. Availability remained more or less constant, whereas safety fluctuated and eventually dropped in rank. Evolvability, repairability, and modifiability were among the lowest ranked "ilities", having average ranks of 20, 21, and 22, respectively. The p-values corresponding to the tau-b correlation coefficients suggested that all the values were statistically significant, or that there was a strong correlation between the ranks of the consecutive years. Year versus frequency plot for seven highest ranked "ilities." Adaptability  15  11  17  19  13  15  15  10  9  12  10  19  16  14  10  11  10  7  12  13   Interoperability  9  14  11  10  12  9  14  13  16  15  19  14  11  11  15  16  5  17  16  13   Maintainability  11  12  11  10  16  13  11  8  15  20  18  17  13  11  18  14  17  13  15  14   Manufacturability  10  12  13  15  10  18  13  17  16  9  15  10  9  19  16  20  15  18  18  14   Resilience  14  18  21  22  18  20  23  18  10  21  9  15  6  19  12  10  18  8  5  15   Scalability  18  16  13  9  18  15  12  16  14  18  13  15  19  17  14  17  11  16  11  15   Affordability  18  20  15  13  14  10  18  20  18  18  20  13  21  15  22  18  14  15  10  16   Durability  16  20  19  20  14  19  17  18  18  12  3  12  18  13  17  19  16  20  20  16   Agility  16  8  15  21  16  17  21  14  11  15  17  21  20  16  13  15  24  18  22  17   Extensibility  18  17  19  12  18  14  16  15  21  23  21  18  15  17  19  22  19  21  20  18   Testability  21  18  17  16  18  20  18  23  20  22  21  21  17  21  21  21  20  22  19  20  Evolvability  21  20  21  16  22  22  21  21  22  12  23  19  22  23  20  24  22  11  17  20  Repairability  21  20  21  22  23  22  23  21  23  15  24  21  24  21  23  12  21  23  24  21  Modifiability  21  20  21  22  23  22  20  23  23  24  16  24  23  24  24  23  23  24  23 22 Tau 
Weighted Average Analysis-Frequencies and Ordering
An additional analysis calculated the weighted averages of the normalized frequencies of the topics, as discussed in the methodology section. This was performed to overcome a potential bias that could have resulted from the differences in the total word counts of the journals, which could have inherently skewed the results. A weighted average analysis was performed in which the normalized frequencies of the topics from each source were assigned an equal weight and then aggregated to obtain the weighted average frequencies. The average frequency and rank change analyses discussed in Sections 4.1 and 4.2 were performed on the weighted average frequencies. The results for the average frequency changes from the first four to the last four years are given in Table 13 . Topics that changed by one or more categories as compared to Table 3 from the "unequal weight" analysis, are highlighted. Topics that moved horizontally and vertically are shown in green and those that moved only vertically are shown in red. Table 14 shows the results for the average rank changes. Topics with changes in ranks of one or more categories as compared to Table 9 from the unequal weight analysis are italicized. Table 13 . Summary of average change in frequencies of topics for weighted average analysis. 
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Discussion
The results presented in the previous section show the evolution of the presence of different topics in SE and design engineering literature. This section discusses these results.
Comparison between Unequal and Equal Weight Analyses
An analysis that involved assigning equal weights to the journals was performed, as discussed in Section 4.3. This analysis was done to overcome any potential biases that may have resulted due to the inherent unequal assignment of weights in the analysis where normalized frequencies were divided by the aggregated number of words from all journals. The average distribution over the years 1998-2016 of total words in each journal in that analysis was JOED~31.85%, RED~21.02%, SS & SE~20.07%, and Wiley~27.05%. This unequal distribution may have resulted in a bias due to the greater influence of JOED; however, the averages were relatively close to each other. The equal weight analysis assigned each journal a weight of 25%. Examining Tables 13 and 14 , major shifts in results did not occur.
The number of topics that had no change in average rank reduced from 4 to 1 when comparing the unequal and equal weights analyses, as seen from Tables 9 and 14 . Maintainability saw no change in rank in the equal weights analysis, whereas it had a positive change in the unequal weight analysis. In the unequal weights analysis, lean and usability had a negative change in rank, whereas in the equal weights analysis they had a positive change. Another interesting observation was that the average rank of axiomatic design decreased between 11 and 20 in the unequal weights analysis, but decreased by greater than 20 in the weighted analysis.
Evidence of Topics Becoming Less Frequent in Occurrence
The analyses from Sections 4.1 and 4.2 provide evidence that robust design approaches of Taguchi's method [57] and Suh's axiomatic design [58] became less frequent in occurrence over time. Table 9 also provides evidence of the drastic decrease in average ranks of both these approaches between the initial (1998-2001) and final (2013-2016) years. Disadvantages of Taguchi's method can be found in [51, [59] [60] [61] and disadvantages of axiomatic design can be found in [51, 62, 63] . QFD also became less frequent in the literature over the examined time period and has its share of disadvantages [51, 64, 65] . Figure 5 shows a supplementary analysis of QFD using Google Ngram 1 with different keywords associated 1 Ngram Viewer is a tool that plots the frequencies of search strings using a yearly count of n-grams found in books printed between 1500 and 2008 in multiple languages that are available in Google's database.
Systems 2019, 7, 28 22 of 33 with QFD. The discovery of the drawbacks of these approaches as time progressed may have been one of the reasons for the decrease in the occurrences of these approaches over time, as the perceived utility of these approaches to practitioners may have reduced. Further research is needed to understand the true causes leading to these evolutionary characteristics. 
Evidence of Topics Becoming More Frequent in Occurrence
MBSE and SysML were recognized by INCOSE as important topics in the mid-2000s [66] , [66] [67] [68] . Figure 2 shows the sudden rise of MBSE and SysML publications in the early to mid-2000s. The increase in the occurrences of these topics is also evident in Table 9 , where both SysML and MBSE had significant increases in average ranks in the last four years (2013-2016), as compared to the first four year (1998-2001) period. The increase in the occurrences of these approaches could also be attributed to the onset and rise of digitalization in the last two decades. Even though the MBSE and SysML are being readily researched and applied, they are still relatively new, as compared to older topics such as QFD and optimization. In the forthcoming years these approaches may persist and continue to increase in frequency, or decrease like QFD or Taguchi's method.
Differences in Frequencies of Occurrence of Topics between SE and Design Engineering
Both SE and design engineering use many of the topics selected for analysis in this research. However, differences exist between these two communities. The comparison of the four journals in Tables 5 and 7 demonstrate these differences. For example, as seen in Table 5 , QFD had a higher frequency of occurrence in the design engineering journals. VDD, and metrics such as complexity, flexibility, and extensibility, had a greater frequency of occurrence in the SE journals. The cultures of the communities and the cultures of the journals may be a possible reason for the differences in the topic occurrences by communities. For example, the SE community seems to be interested in system performance metrics such as "ilities" or approaches that deal with risk such as RVTM and risk matrices. The analyses suggest that the design engineering community seems to be interested in design-centric approaches such as optimization and DSM. These different focuses of the communities could inherently influence the frequencies of occurrence of these topics in the two communities. However, a more detailed understanding is required. Future research may indicate that the communities do not overlap as much as commonly believed.
Differences exist between the two design engineering journals and between the two SE journals as well. For example, in the SE journals, Wiley had higher normalized frequencies of DSM and MBSE than SS & SE. SS & SE had higher normalized frequencies of fuzzy sets and optimization. There could be many causes of these differences. One cause could be the style of the journal, where articles are templated in a certain fashion, causing certain styles by the authors of the articles to affect word usage. Another cause may be due to the journal's scope and editorial board. Journals become known for publishing certain research, whether by design or by evolution. Authors will seek out journal scopes that fit their research, causing certain topics to be more likely to appear in certain journals. Certain observations in this study aligned with the scopes of the journals discussed in Section 3.2. For example, as seen in Table 5 , both SysML and MBSE had a significant occurrence (average normalized 
Evidence of Topics Becoming More Frequent in Occurrence
MBSE and SysML were recognized by INCOSE as important topics in the mid-2000s [66] [67] [68] . Figure 2 shows the sudden rise of MBSE and SysML publications in the early to mid-2000s. The increase in the occurrences of these topics is also evident in Table 9 , where both SysML and MBSE had significant increases in average ranks in the last four years (2013) (2014) (2015) (2016) , as compared to the first four year (1998) (1999) (2000) (2001) period. The increase in the occurrences of these approaches could also be attributed to the onset and rise of digitalization in the last two decades. Even though the MBSE and SysML are being readily researched and applied, they are still relatively new, as compared to older topics such as QFD and optimization. In the forthcoming years these approaches may persist and continue to increase in frequency, or decrease like QFD or Taguchi's method.
Differences in Frequencies of Occurrence of Topics between SE and Design Engineering
Differences exist between the two design engineering journals and between the two SE journals as well. For example, in the SE journals, Wiley had higher normalized frequencies of DSM and MBSE than SS & SE. SS & SE had higher normalized frequencies of fuzzy sets and optimization. There could be many causes of these differences. One cause could be the style of the journal, where articles are templated in a certain fashion, causing certain styles by the authors of the articles to affect word usage. Another cause may be due to the journal's scope and editorial board. Journals become known for publishing certain research, whether by design or by evolution. Authors will seek out journal scopes that fit their research, causing certain topics to be more likely to appear in certain journals. Certain observations in this study aligned with the scopes of the journals discussed in Section 3.2. For example, as seen in Table 5 , both SysML and MBSE had a significant occurrence (average normalized frequency) in Wiley, a journal that considers these topics important. Similarly, JOED, which places emphasis on "ilities", had substantial occurrences (average normalized frequencies) of reliability, robustness, and safety, as seen in Table 5 .
Consistency with INCOSE Vision
The results observed in this paper can be compared to the visions laid out for the years 2020 and 2025 by the International Council on Systems Engineering (INCOSE) in the MBSE Initiative [68] and the 2025 Vision Report [69] . The MBSE Initiative, discussed at the INCOSE Symposium in 2007, laid the roadmap for MBSE, starting in 2007 and continuing to 2025 [68] . The formal report predicted that increased acceptance, use, and formalization of MBSE would be seen in the years to come. Modeling standards, including SysML, AP233, and UPDM, were also discussed. The analyses conducted in this paper showed an upward rise in the occurrences of MBSE and SysML in the early to mid-2000s, followed by a general upward trend afterward.
In 2014, INCOSE published the INCOSE 2025 vision report [69] . This report also recognized the increased use of model-based approaches in the state of SE in 2014. Topics, including game theory, value modeling, and optimization were included in the list of topics to strengthen the theoretical foundation of SE. The report stressed that the future of SE will be in resilience and resilient autonomous systems. The analysis showed an upward trend in the frequencies of occurrence of resilience, VDD, optimization, and game theory. Additionally, one of the main concerns raised in the report both for the current and future SE was the management of increasing system complexity. Complexity was among the highest ranked topics, and followed an upward trend throughout the observations in this study. There is consistency between the observations made in this paper concerning the occurrences of topics in literature, and the INCOSE reports.
Practical Implications of Findings
This study examined the evolution of different SE and design engineering topics over 19 years. Topics were identified as trending upward, downward, remaining consistent, or following unique swings. This study provides a first step, grounded in evidence from leading SE literature, to better understand the discipline of SE. This grounding in evidence provides a starting point to address complicated SE questions, such as what SE topics should be addressed in a SE theory? What SE topics should researchers consider investigating? And what SE topics should practitioners consider adopting, or renounce? While the results do not answer these questions, the study may point to some clues, and does provide an evidence-based footing. The study's contribution to theory, research, and practice are briefly discussed below.
SE Theory Implications
The SE field lacks a theoretical underpinning. Methods and approaches are proposed based on heuristics, rather than a strong grounding in evidence, whether mathematical or experimental. This is worrisome, as it leaves the door open for vastly different interpretations about the fundamental topics that are needed to understand SE. It would be unwise to form a theory on a "flash in the pan" or "buzzword" topic. This study identifies topics that were once frequently seen in literature, and perhaps thought of as a critical topic to the field, but have dropped in frequency (such as Taguchi's method). While other topics were identified, such as MBSE, that have grown rapidly in frequency. Other topics were identified as being consistent, with a relatively high frequency, in SE literature (complexity, optimization, etc.). If a theory of SE is to be formed, it should incorporate the principles and problems addressed by topics that are consistently present in SE literature. This study contributes to SE theory by identifying topics that are consistently present in literature that may provide an area of research that a SE theory or theories should address.
SE Research Implications
The SE research community is diverse and complex due to the vast breadth of challenges that SE is tasked to address. It is often difficult to identify challenges and topics that have a long history of being addressed in SE, those that are becoming challenges, and those that are no longer of interest to the research community. Researching meaningful challenges/topics is important in terms of acceptance into journals, obtaining funding, and establishing an impactful lab. Topics that have consistently been frequent in SE literature (complexity, optimization, reliability, etc.) may be topics that are viewed as important to the SE community, and ones that would support researching. Topics that are on the rise, in terms of frequency, may need researchers to properly investigate their effectiveness/relevance, such as MBSE. Additionally, there may be some topics that researchers think are not seen frequently enough in literature, which may be viewed as a research gap. This study contributes to SE research by identifying topics with high frequency or increasing frequency in SE literature that researchers may consider investigating, as well as low frequency topics that may indicate a research gap.
SE Practice Implications
SE practitioners are constantly adopting new tools to improve their efficacy and efficiency. However, it is challenging for practitioners to determine what tools to adopt, as each comes with training and a learning curve. While the benefits and costs should be analyzed for each tool, it is initially difficult to determine what tools are becoming frequent and what tools are disappearing from literature. Identifying topics that are gaining or losing frequency in literature may alert practitioners to investigate the topics in more depth. This would enable the practitioners to cut ties with a topic/tool that may have been shown to have flaws, or to adopt a topic/tool that the SE community is excited about and which may be seen in future contracts, such as MBSE. This study contributes to SE practice by identifying topics with decreasing and increasing frequencies that practitioners may want to investigate for adoption or rejection.
Limitations
This study presents two main limitations, discussed in two separate subsections. The first limitation pertains to the choice of journals and the span of years used for the analyses. The second limitation concerns the context of the topics being discussed in the articles.
Choice of Journals and Years
This study analyzed literature from only four journals. The authors chose systems and design engineering journals with broad scopes. Broad-scope journals were selected to understand the general landscape of the communities. The authors did not consider journals that cater to more specific application domains, such as aerospace SE, or to specific aspects of SE, such as engineering management. Specific topics may dominate these journal types, injecting bias. The number of broad-scope journals was restricted by the availability of data and/or usage rights.
Furthermore, the application of SE in contexts that are better suited for discipline-specific journals were not considered. For example, application of SE tools in board game design that may appear in a journal on gaming is outside of the boundaries of acceptable journals. This was primarily performed to reduce the noise from non-relevant papers. These discipline-specific papers published in non-SE related journals could be included by implementing a broad search for SE papers in any journals, and then conducting the analysis on that set of papers.
In addition to the number of journals, a secondary limitation was the years considered for the analysis of trends. The authors analyzed papers from the four journals over a period of 19 years, from 1998 to 2016. The inclusion of additional years would have enriched the results, especially with regards to the latest SE research. The analyses were also limited by the availability of papers. For instance, the papers published in the Wiley Systems Engineering journal after the year 2016 were neither open access nor were they available in the authors' university database. Similarly, the usage of papers published before the year 1998 was limited by the machine-readability of the papers. Before 1998, the papers were predominantly scanned copies, which made it impossible to analyze the papers in NVivo without transcription or using optical character recognition software and reviewing for errors. Despite this limitation, the authors believe that the 19-year range is acceptable for the analysis as changes were captured in the results, such as the increase in digitalization and complexity.
Context of Topics in Articles
This study did not consider the context in which the topics were discussed. This may have an impact on the results observed in the study. For example, although a topic may show significant presence in an article, the topic may only be addressed in the background or in a negative context. Similarly, an article may use principles from a topic, but not mention the topic repeatedly. Additionally, when new approaches are created, articles discussing these topics will mention the drawbacks of older topics. For example, requirements will occur very frequently when VDD is nascent, as VDD papers commonly criticize the status quo. Point-based design is likely to occur very frequently in early set-based design and tradespace exploration papers. When the next approach comes, it will then criticize the limitations of tradespace, set-based design, and VDD. Furthermore, the analyses only used the keywords directly associated with a topic and not the broader area the topics were categorized under, as discussed in Section 3.3. In addition, consistency in the definition of a topic in the papers was not sought, only the occurrence of the keywords.
To examine this possible limitation of using keywords, five articles were randomly selected from the collection of data. For each article, the authors of this study identified the primary topics of the article, and represented the topics using keywords. For each article, a simple NVivo word frequency query using default parameters was performed. The most frequent words from the query were compared to the list of identified keywords. Table 15 details the results of this comparison. In Table 15 , the "keywords describing article" words identified by the authors are not listed in any particular order, whereas the "word frequency query results" are listed in the order of frequency with the most frequent being first.
It was observed that for four of the five articles, the keywords identified by the authors were consistent with the most frequent keywords identified by the software. This observation provides justification for the methodology used in this study. One of the five articles did not demonstrate a consistency between keywords. In this article, game theory and principal-agent theory were used to create games and develop best strategies for quality control in supply chains by considering two players-a supplier and a buyer. Although a key topic in the article was game theory, the words "game theory" were infrequently mentioned. For this randomly selected article, "game theory" was not present in the top 50 frequent words identified in the query. While limitations of the study therefore exist, the randomized sample from Table 15 shows that frequency analyses can correspond with the essence of the articles in the data set. 
Conclusions and Future Work
Conclusions
This paper examined the trends in occurrences of numerous SE topics for the years 1998-2016. A content analysis was performed on SE and design engineering peer-reviewed literature. Keywords were identified for each topic, and a text search was performed to evaluate the frequencies of occurrences of the keywords. Two methods of normalizing the data were used to avoid biases, and no significant differences in results between the two methods were observed. From the summary of the results shown in Table 9 , changes in ranks of topics from the start to the end of the period under consideration were observed. The greatest changes in ranks were seen for SysML, resilience, and IPT, where the ranks of the first two increased by more than 20, and the rank of IPT dropped by more than 20. Other topics, such as game theory and MBSE, also saw a significant increase in ranks through the years, and topics such as Pugh and Taguchi saw a significant drop. Complexity, availability, reliability, and risk matrix saw no changes in ranks between the initial and final years. Affordability and safety did not have high ranks, even with the increasing costs and complexities of systems. Lower rankings seen in this study may also be due to articles on those topics being published in journals dedicated to the specific topics, such as "Safety" related articles being published in the Journal of Safety Research.
In recent years, the SE and design engineering communities have been merged, as seen at NSF, and have addressed each other's topics at their respective conferences, such as Systems Engineering Information Knowledge Management sessions [70] at American Society of Mechanical Engineers International Design Engineering Technical Conferences 2018 and Decisions, Control, and Design sessions [71, 72] at Conference on Systems Engineering Research 2018. The results in this research indicated similarities and differences between the SE and design engineering communities. Further research into these findings is necessary in order to determine if these two communities are as similar, or as dissimilar, as believed.
Future Work
This study has provided a first step in an evidence-based, large-scale analysis, in terms of time and topics, of SE topics. As discussed in the practical implications section, the grounding in evidence provides a starting point to address complicated SE questions, such as "What SE topics should be addressed in a SE theory?" "What SE topics should researchers consider investigating?" and "What SE topics should practitioners consider adopting, or renounce?" Future work should dissect these questions further, and provide evidence to support the conclusions. For SE theory, the topics identified in this study as having a high, consistent frequency in literature can be investigated for any underlying theories that may provide a starting point for a theory or theories of SE. The academic community should investigate why identified SE topics have a low relative frequency in literature. Is this because research is needed, signaling a research gap? Is there disagreement within the community about the relevance of a topic? The practicing community should investigate topics that have increasing or decreasing frequencies to determine their benefits and costs. For all of these analyses, the future research would start with the findings of this paper, grounding the research in evidence.
The analysis of the study can be improved by addressing the topics of the limitations section in future work. The number of journals and years investigated can be expanded to include more of the community over a longer time scale. The results of this paper suggest future work to gain a deeper contextual understanding of the topics' occurrences. A review of the noteworthy trends, such as Taguchi, QFD, complexity, and SysML, and a deeper study of the data in them will detail the context that the approaches are being presented in the journals. It will also be interesting to see if there is an increased presence of the topics mentioned in the 2025 vision report in the upcoming years. 1998  17  0  12  16  1999  21  0  24  17  2000  20  0  23  19  2001  24  0  25  4  2002  27  0  26  11  2003  21  34  24  10  2004  24  27  34  12  2005  25  29  33  15  2006  21  34  33  14  2007  21  32  37  10  2008  24  31  35  15  2009  19  27  34  18  2010  28  25  36  22  2011  30  29  40  17  2012  35  25  52  20  2013  35  28  39  29  2014  32  25  16  22  2015  43  22  21  19  2016  36  27 25 23   Table A3 . Distribution of total number of words by year.
Year
Journal Wiley SE SS & SE JOED RED
